Hive samples from seven Venezuelan states were studied to determine the quality of honeys from the naturalized tropical honey bee Apis mellifera, submitted for a national honey competition. The physicochemical composition varied as follows: antibacterial activity as minimal inhibitory concentration for each of S. aureus and E. coli was 25.0-50.0 g/100 mL, antioxidant activity was 34.90-203.21 µmoles Trolox equivalents/100 g, ash was 0.03-0.13 g/100 g, diastase activity was 3.00-47.81 DN, flavonoids was 2.32-14.41 mg EQ/100 g, free acidity was 24.40-54.55 meq/kg, HMF was 17.70-631.73 mg/kg, moisture content was 17.2-20.2 g/100 g and nitrogen was 28.68-107.29 mg/100 g. Non aromatic organic acids, such as D-gluconic acid, was 13.5-69.3 g/kg, citric acid was 8.0-135.4 mg/kg, and malic acid was 11.2-60.9 mg/kg. Polyphenols were 38.15-182.10 mg EGA/100g, reducing sugars were 62.05-77.57 g/100 g, sucrose was 0.93-13.86 g/100 g, and vitamin C was 12.86-37.05 mg/100 g. Botanical origins of the nine honeys, determined by pollen analysis, indicate that these honeys often were derived from non-forest, non-native and weedy species. The results are a first step to better characterisation of honeys, and some of the parameters were determined for the first time in Venezuelan A. mellifera honey. They can be used for research, educational purposes, and to better understand market values, natural occurrence and chemistry of tropical honey harvested from Apis mellifera.
Introduction
National exhibitions featuring honey offer a venue for information exchange between beekeepers, food analysts, consumers and researchers, and may also help to maintain honey quality standards.
In Venezuela, three previous honey contests have taken place (1986 -1988) . Beekeepers sent their honeys to compete, and a fourth competition that was held in 2005 is analysed in depth here. In local markets honey is valued not only as a food, but also as medicine.
Venezuelan honeys from Zulia state are rich in potassium and phosphates (Sulbarán et al., 2004) . Previous works on physicochemical composition of Venezuelan commercial honeys (Vit et al., 1994) and comb honey from one state concluded that certain quality factors were not met (acidity, ash, diastase activity, hydroxymethylfurfural, sugars) (Piccirillo et al., 1998; Ojeda de Rodríguez et al., 2004) .
The Codex Alimentarius Commission has produced international quality standards for the honeys of Apis mellifera (1969, 1987, 1990, 2001) , which are useful references. 
Moisture content
The refractometric index of honey was measured at room temperature IR Ta and modified to IR 25 , then converted into moisture content using the Chataway Table (COVENIN, 1984a) .
Reducing sugars and apparent sucrose
The Lane-Eynon hot titration method was used to measure the content of reducing sugars and apparent sucrose (COVENIN, 1984a) .
Non-routine parameters
Additional parameters were measured in triplicates except duplicates for antibacterial activity, organic acids and nitrogen. A control was made with 40 g fructose, 30 g glucose, 8 g maltose and 2 g sucrose up to 100 mL with distilled water, autoclaved at 121°C for 15 minutes (Taormina et al., 2001) .
Antibacterial activity
The minimal inhibitory concentration (MIC) method according to the (Re et al., 1999) .
Flavonoids
Total flavonoid contents in the sample were determined by the method of Woisky and Salatino (1998) , with minor modifications. To 0.1 mL of the honey sample solution (10% w/v), 0.5 mL of 20 mg AlCl 3 /mL ethanol 95% (v/v) solution was added. After 20 min at 37°C, the absorbance was measured at 420 nm. Total flavonoids are calculated as mg quercetin equivalents QE/100 g honey from a calibration curve.
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Non-aromatic organic acids
Organic acids (total D-gluconic acid, citric acid and L-malic acid) were measured by enzymatic methods previously described (Mato et al., 1997 (Mato et al., , 1998a (Mato et al., , 1998b .
Nitrogen
A standard micro Kjeldahl digestion of 200 ± 10 mg honey (AOAC, 1990) was followed to measure nitrogen content. Nitrogen is reported instead of protein because it is also an indicator of non protein nitrogen added to honey (Vit, 1987) .
Polyphenols
Total polyphenol contents were determined after the Folin-Ciocalteu colorimetric method (Singleton et al., 1999) . Sample solution (0.1 mL)
was mixed with 0.5 mL of the Folin-Ciocalteu reagent (Sigma-Aldrich, St. Louis, USA) and 0.4 mL of 7.5% (w/v) Na 2 CO 3 , and the absorbance was measured at 765 nm after 10 min at 37°C. Total polyphenol contents were expressed as mg gallic acid equivalents GAE/100 g honey.
Vitamin C
The 2,4-dinitrophenylhidrazine reagent was used to measure vitamin C content. A protein-free supernatant was obtained by treatment with metaphosphoric acid. Ascorbic acid was oxidized by copper ions to dihydroascorbic acid and diketogulonic acid. These acids reacted with 2,4-dinitrophenylhidrazine in the presence of sulphuric acid, yielding phenylhydrazones that absorbed at 520 nm (Pesce and Kaplan, 1990) .
Results

Routine parameters
Data on routine parameters of honey composition of the nine honey samples are shown in 
Non-routine parameters
Expanded data measured to honey, namely non-routine parameters, are also shown in Table 2 
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Melissopalynological analysis
Honey samples contained pollens from 23 to 73 plant species listed in (Figure 1 ).
Discussion
Almost 80% of the honey entries showed high HMF (>80 mg HMF/ kg honey) an indicator of inadequate heating and/or aging. This parameter is generally used to disqualify participating honeys.
However, with only nine honeys from all Venezuela, it is more relevant to discuss possible problems with good practice of manufacture than failed standards or techniques. Honey harvest procedures affect the product before it reaches the consumer.
Besides high HMF, diastase activity was lower than the suggested standard in three honeys. Generally, 33% of the honeys did not fulfill three quality indicators, one of them including free acidity higher than 50 meq/kg. Sucrose was higher than 5% only for one honey, as well as water content which was higher than 20% also for one honey. In contrast with the previous screening of 500
Venezuelan commercial honeys (Vit et al., 1994) , ash content was not higher than the allowed 0.5 g/100 g, in any of the entries. The average value of 35.6 mg citric acid/100 g honey was similar to values reported for honeys of multifloral origin and unifloral
Citrus (Horvath and Molnár-Perl, 1998) , Rosmarinus (Nozal et al., 1998) , and Eucalyptus (Mato, 2004) honeys, but was considerably lower than mean values reported for multifloral, Lavandula, Erica (Nozal et al., 1998) , Lavandula (Horvath and Molnár-Perl, 1998) , multifloral, Castanea and Trifolium (Mato, 2004) honeys. On the other hand, the average of 28.4 mg L-malic acid/100 g was similar to Citrus, multifloral (Horvath and Molnár-Perl, 1998) , and Eucalyptus honeys (Mato, 2004) , but resulted higher than the values reported for Trifolium honeys (Horvath and Molnár-Perl, 1998; Mato, 2004) .
Finally, 28.4 mg L-malic acid/100g resulted lower than the values reported for multifloral (Cherchi et al.,1994; Nozal et al.,1998; Mato, 2004) , Lavandula (Horvath and Molnár-Perl, 1998 ) and Castanea honeys (Mato, 2004) .
A recent study was demonstrated the bee enzyme system producing acids in honey (Cocker, 2006) , to confirm the seminal proposal that citric and malic acid are present in all floral honeys (Nelson and Mottern, 1931) , as well as in pomegranate juice where both are principle organic acids (Tezcan et al., 2009 ). The acidity of honey is mainly attributed to malic acid, although it is not the major organic acid of honey (Root and Root, 2005) . As found here, free acidity was highly correlated to malic acid (r 2 =0.846 p < 0.01).
The flavonoid content varried between 2.32 and 14.41 mg EQ/100 g, and the polyphenols varied between 38.15 and 182.10 mg EGA/100g, similar to values from the literature (Meda et al., Vit et al., 2008; Marghitas et al., 2009) , with a narrower range.
The nitrogen content varied between 28.68-107.29 mg/100 g, corresponding to a total protein content of 180 to 670 mg/ 100 g, similar to values found in European honeys (Bogdanov, 1981) , and genuine Venezuelan commercial honeys (Vit, 1987) .
The honey of A. mellifera has reportedly a low concentration of vitamin C <5 mg/100g (White, 1975) , 2.5 mg vitamin C/100 g honey are found in the literature (Bogdanov et al., 2008 ).
Here we report slightly higher values from 12.86 to 37.05.
Bioactive properties of honey, such as the antibacterial and the antioxidant activities, and flavonoid content, are interesting additions to traditional routine quality standards. The antioxidant capacity TEAC ranged from 34.90 to 203.21 µmoles TE/100 g honey.
In this work, the antioxidant activity of nine honeys did not increase with free acidity, but it did in a previous work with stingless bee honeys (r = 0.97, p < 0.01) (Vit et al., 2006) , therefore more investigation is needed to explain this difference. The antioxidant activity correlated significantly to the ash (r any other parameter in Table 2 . A positive correlation between the antioxidant effects and the concentration of Maillard products and HMF has been found before (Turkmen et al., 2006) . have been found in the literature (Molan, 2001 ). On the other hand, E. coli, the Gram negative bacteria was sensitive to only two honeys with a MIC of 25.0 g/100 mL, seven honeys with 50.0 g/100 mL, similar to the control honey made with a pasteurized mixture of sugars and distilled water. MIC values for E. coli found in the literature varied between 7 and 50% (Willix et al., 1992; Cabrera et al., 2003; Basson and Grobler, 2008; Fangio et al., 2007) .
The highest anti-Staph activity was found in honey samples 2, 3, 4 and 9. One of these honeys (number 9) also had the highest citric acid content (135.4 mg/kg honey) and was the most resistant against E. coli. However another honey (number 2) was also the most effective against E. coli and S. aureus, but had only moderate citric acid content (28.6 mg/kg honey). These results are similar to previous reports with honeys from Argentina and South Africa (Cabrera et al., 2003; Fangio et al., 2007; Basson and Grobler, 2008) . The relatively high MIC values found in the most recent studies cited here suggest that is better to consume undiluted or slightly diluted honey to receive the antibacterial benefits of this product of the hive.
The honey sample with highest TEAC and flavonoid content (number 6), showed 50% pollen counts of Psidium sp., and was the unique unifloral honey in the study. Honey made with other
Myrtaceae from New Zealand, like Lepstospermum scoparium, called manuka honey, is known for the strong non-peroxide antimicrobial activity (Allen et al., 1991; Al Somai et al., 1994; Molan, 2005) . The honey with Psidium, a fruit crop called guava, came from apiaries where bees used more plant species than found in the other honeys.
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However, this honey sample was not well processed because an HMF>600 would indicate overheating or long storage at high temperature. Also, such a high sucrose content has not been reported in genuine honey before.
In 
